When astronomers sieve their data for traces of planets orbiting distant stars, the most prized targets are those in the Goldilocks zone of their stars, where liquid water may exist at the surface. Although life on other kinds of planets and moons may be possible, it appears that an ocean planet like ours would be the best place for life to originate and evolve over billions of years. Despite the rapid progress in exoplanet discovery in recent years, our home planet is still the only object in the Universe with confirmed presence of surface water.
For most of the history of life on Earth, the oceans were the only habitat of life, as terrestrial life only became possible after the arrival of oxygen in the atmosphere and its side effect, the formation of ozone in the stratosphere. Life on land then offered a broader range of conditions, which resulted in opportunities for speciation but also in dangers.
In the last 100,000 years, a new threat to the survival of terrestrial fauna emerged, in the shape of our own species. As human hunters spread out of Africa and conquered the other continents, many animal species became extinct. Megafauna was particularly hard hit and disappeared in all continents except Africa, where it had co-evolved with early humans.
A similar species loss has not yet occurred in the oceans, but it may lie ahead, if industrial use of marine resources expands further. Can we still avert marine mass extinctions?
Land versus sea
In a recent review, Douglas McCauley from the University of California at Santa Barbara and colleagues have analysed the conservation situation of marine fauna to assess in general terms whether it is at risk of a catastrophic species loss similar to what already happened on land (Science (2015) 347, 1255641). "On land it is clear that we are the new asteroid -we are changing terrestrial life as rapidly as the Earth's biggest historical mass extinctions. The question is whether we have hit the oceans with the same impact," McCauley explains. Contrasting the long-running terrestrial defaunation with the current threats to marine species, they report a number of highly significant differences.
The most conspicuous difference between land and sea animals today is that the Pleistocene megafauna has all but disappeared on land, while the marine species at the top of the size range are decimated but have survived so far. As McCauley and co-authors report, the average size of terrestrial species has shrunk significantly since the Pleistocene, while that of marine species has remained constant.
It is plausible to assume that this difference is anthropogenic, as terrestrial fauna was first affected by human hunting and then by habitat Feature change and destruction. Large herbivores were the most efficient targets for hunters, while large carnivores were competitors for the position of apex predator and thus natural enemies. By removing many of the larger species, humans have not only changed the visual appearance of terrestrial fauna, but also fundamentally disrupted the ecology of the systems in which they operate, with effects that also changed plant abundance and nutrient distribution.
"While humans have been hunting big game in the ocean for a long time -some say for at least 40,000 years -more difficult access to marine habitats has made it hard for humans to make a serious dent in marine animal populations," McCauley says. This only changed with the advent of motorised fishing vessels, and habitat change is only beginning now. Current threats to marine habitats include bottom trawling, drilling operations, aquaculture, ocean acidification and climate change.
The link between accessibility and threat level can also be seen within the marine environment, as species that depend on coastal habitats, like sea turtles and sawfishes, tend to be more vulnerable than those that exclusively
The global spread of our species has led to a massive loss of terrestrial species, which dramatically changed the size distribution of land-based fauna and disrupted its ecological function. The less readily accessible ocean biotopes have so far been spared this fate, but lessons from the mass extinction on land must be learned if we don't want the sawfishes and whale sharks to follow the sabre-toothed cats and woolly mammoths into oblivion. Michael Gross reports.
Can we avert marine mass extinctions?
Land/water: Marine species that live near the coasts or depend on them for part of their life cycle, like the sea turtles, are most vulnerable to human impacts. The picture shows an east Pacific green turtle (Chelonia mydas agassizii). (Photo: Neil Osborne www.neileverosborne.com.) inhabit remote deep waters, which are only now becoming a target of industrialised fisheries. However, the very same access problem also skews the statistics by making it difficult to obtain population data of species living in deep waters. Thus, efforts to protect marine biodiversity are also hampered by a chronic shortage of data.
The fundamental connectedness of all oceans marks a significant difference to the fragmented terrestrial habitats. It can be an advantage for species as they can more easily migrate in response to climate change. On the other hand, it is more difficult for conservation scientists to estimate shifts in the range of a species, and significant range reductions may be occurring without attracting attention. "It's challenging and sometimes impossible to locate sunken ships and airliners downed in the sea -you can imagine how difficult it is to track the dynamics of rare fish or marine invertebrates," McCauley remarks.
Looking ahead, McCauley and colleagues note that we are standing at an important decision point. With today's technology we now have the capability to hunt marine species to extinction and to change the ocean habitats drastically, causing further species loss. While marine mammals have been saved by whaling restrictions, a number of fish species are still over-exploited by industrial fishing. Ironically, the difficulty in satisfying the demand for seafood has led to a boom in aquaculture, which, like agriculture on dry land, impinges on wildlife habitat.
The authors argue that because humans depend on marine wildlife in so many ways -from the fish we eat to the coral reefs that entire countries are built on -it is in our own best interest to ensure that we don't inflict the same extent of defaunation to the oceans that has already happened on the continents. "We are not necessarily doomed to helplessly recapitulate the defaunation processes observed on land in the oceans," they conclude with cautious optimism.
Saving the sawfish
One of the most severely threatened groups of marine species is the sawfish family (Pristidae) comprising five species, all of which are listed as either Critically Endangered or Endangered on the Red List of the IUCN.
Sawfish are large cartilaginous fishes related to the rays. They use their conspicuous 'saw' -technically called the rostrum -both as a sensor to detect electrical impulses from prey species hidden in muddy coastline and river environments and as a weapon to hit the prey (Curr. Biol. (2012) As the authors explain, a number of factors conspire to threaten the survival of sawfish species. As they live in shallow waters, they are particularly exposed to human impacts, including fisheries and pollution. They are also associated with threatened habitats like mangroves and seagrasses. Due to their large sizes of up to seven metres and the conspicuous rostrum, they are easily caught, and may also get entangled as bycatch. Their fins are traded for shark fin soup, their rostra as curiosities and their inner organs for traditional Chinese medicines. As Sawfish: The family Pristidae, once distributed in coastal waters around the tropics, is now severely threatened due to over-exploitation and habitat loss. (Photo: David Wackenfelt.)
Coral community: Coral reefs are sensitive to ocean warming and acidification. Their loss would also deprive many other species of habitat, shelter, and breeding grounds. (Photo: Bob Steneck.) these items achieve high prices, an international trading ban agreed in 2007 may not be enough to save the sawfish. Finally, their slow reproduction ratewith late maturity and small number of offspring -makes it hard for populations to compensate for losses.
Historically, sawfishes were present in the coastal waters and river estuaries around the tropics. In the course of the 20 th century, their range has contracted dramatically. Of 90 countries that once had sawfishes present at their coasts, 43 have lost at least one species, and 20 of those no longer have any sawfish species left. Only 16 countries have offered sawfishes some extent of legal protection. In terms of the area of extant sawfish range legally protected, around half the protection is in Australia and almost a third in Indonesia. Smaller contributions are made by Malaysia, Brazil, India and the USA.
Coastal areas of Florida and northern Australia currently host the healthiest sawfish populations and there is evidence that the decline has been stopped in these areas, as Dulvy and colleagues report. However, a lot remains to be done in terms of habitat protection and changing culturally entrenched exploitation if this iconic family of marine megafauna is to be saved. Its crisis, triggered by a fully understandable conflagration of threats and sensitivities, could be an early warning of the coming extinctions of marine wildlife.
Tracking turtles
Sea turtles present another example of the dangers that marine wildlife is exposed to when living near the coasts. Wallace J. Nichols has spent several decades working to save the east Pacific green turtle (Chelonia mydas agassizii) and co-founded the organisations Grupo Tortuguero (www.grupotortuguero.org) and SEE Turtles (www.seeturtles.org). "These turtles were over-hunted and their eggs relentlessly collected, resulting in commercial and ecological/ functional extinction," Nichols says. "But more than three decades of grassroots, community-based conservation work, network building, creative communications efforts, and collaborative/participatory research have started to turn things around."
The key to this conservation success has been in reaching out to the coastal communities and converting people from poachers to keepers. "The heroes of our turtle story are the former hunters/collectors who now -with their kids -run the projects. If sea turtle hunters can become ocean conservation heroes in wild, corrupt and sometimes dangerous regions of Mexico, I hold out hope for other species in other parts of the world," Nichols concludes.
In a recent research paper, Nichols and colleagues have combined their own satellite tracking of turtle migrations with published data to establish their habits and identify where and when they may be most vulnerable (PLoS One (2015) 10, e0116225). The turtles range between the Gulf of California and the Galapagos Islands, and the females often migrate hundreds of kilometres between their nesting place and their foraging grounds.
The authors note that specific areas off the coast of Mexico are already designated as 'priority areas' due to their wealth of biodiversity and other natural resources. Using these zones as a guide, Mexico could establish marine protected areas (MPAs) which would improve the protection of the foraging grounds of the turtles. Similarly, additional protection measures off the coasts of Central American countries would improve their situation and may yield payback in the shape of ecotourism.
Ultimately, however, these protection measures only work if people understand and comply with them, which they are more likely to do if they understand that a healthy ocean is a more valuable resource than an overexploited one depleted of biodiversity.
Climate impacts
Beyond the direct impact of fisheries, resource extraction and pollution, our oceans are also suffering indirectly from the dramatic increase in atmospheric carbon dioxide concentrations that we have inflicted on our planet. As a buffer with high heat capacity, the oceans soak up much of the additional heat that our planet has absorbed since the beginning of the industrial revolution. They also take up some of the carbon dioxide from the atmosphere, leading to a gradual drop in pH.
The warming of the oceans will have a whole range of effects, from the physical expansion of the water contributing to sea-level rise through to meteorological changes, including changes to storm and rainfall patterns. In terms of the ecology of ocean wildlife, even small changes to the average temperature may have catastrophic effects, as species adapted to the constant temperature regime of the oceans struggle to cope with warming conditions. Corals present a widely known example of marine fauna vulnerable to warming. In response to heating of just a few degrees Celsius, corals expel their algal symbionts. This phenomenon is known as coral bleaching and can lead to the dieoff of entire reefs if the change isn't reversed within a few days (Curr. Biol. (2013) 23, R635-R637). Recovery is possible but can take years if not decades.
Global coral bleaching events were observed in 1998 and 2010, each associated with the El Niño Marine megafauna: In contrast to the situation on land, Pleistocene megafauna has largely survived in the oceans, including the whale shark, which is the largest extant fish species. Overexploitation of marine wildlife, industrialisation of fisheries, and extraction of natural resources from the sea floor pose serious threats to the survival of many of these vulnerable species. (Photo: Zac Wolf/Wikipedia.) weather pattern. In February, the US National Oceanic and Atmospheric Administration (NOAA) warned in its routine forecasts that the bleaching observed in the Pacific last year may be the start of a third global catastrophe for coral reefs. And this time, it cannot be blamed on El Niño. It is simply down to the general warming of the oceans, which in 2014 reached the highest average temperature ever recorded.
In addition to suffering from the heat, corals are also susceptible to ocean acidification, although it is not clear yet how well they will cope with these stress factors in the long term.
Fish are also adapted to constant environment temperatures, but when their habitat gets warmer, they can easily migrate to find waters with their preferred temperature. That is what Ignasi Montero-Serra at the University of Barcelona and colleagues observed in a recent study based on comprehensive analyses of 57,000 fish censuses from 40 years and new modelling of temperature responses (Glob. Change Biol. (2015) 21, 144-153) .
Water temperatures in the North Atlantic have increased by up to 1.3ºC since the 1980s. The researchers found that this has had a direct effect on the distribution of small fish species. The North Sea, for instance, has seen a rise in subtropical species like sardines and anchovies, and a loss of native species like herring and sprat. Fish stocks moving in response to climate change will have knock-on effects both on their natural predators and on coastal communities depending on fisheries.
Ocean warming and acidification, just like plastic pollution (Curr. Biol. (2015) 25, R93-R96) and fertiliser runoffs, are problems that we produce on land, but which affect the ecological function of the oceans most. In return, ocean dysfunction can severely disrupt climate and food security on land. The simultaneous presence of land and open sea is what makes our planet uniquely life-supporting among all the planets we know so far. How to live within this natural balance without destroying it is something we urgently need to figure out if we want to continue enjoying the perks of living on an ocean planet.
Michael Gross is a science writer based at Oxford. He can be contacted via his web page at www.michaelgross.co.uk Which historical scientist would you like to meet and what would you ask them? I've been writing about the human heart a lot lately, and in the story of the human heart Leonardo Da Vinci did a great deal of amazing work, but just what exactly he did or didn't figure out has never been very well resolved. He figured out stories about heart valves and atherosclerosis that would not be well understood again until the 1900s, because his scientific discoveries were basically lost for centuries. What else did he figure out? I'd like a long dinner with Da Vinci to sort out what he knew and then also to see if he could figure out answers to some of the great mysteries now. Along those lines, I'd love to go to dinner with Galen, the Roman physician-scientist. Or Antonie van Leeuwenhoek. He would be fantastic! He studied bellybutton biodiversity before belly-button biodiversity was cool.
Do you have a favourite paper or science book? There is a book on my shelf at home about some of the great early field adventures. In it are copies of some of Henry Walter Bates's field notes from the Amazon. Those of Alfred Russell Wallace too. I love that book, as it tells the stories of some of the great early attempts to lay hold of the world but then through those images it also shows the madness of coming to terms with the world's diversity, an unfathomable diversity that led Bates and Wallace both to 
Rob Dunn

Q & A
Photo credit: Amanda Olson.
